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(57) ABSTRACT

An apparatus and method for reducing a pattern jitter 1s
provided that uses a local symmetry forcing wave signal.
Pattern jitter 1s generated when a timing phase of a symbol
signal 1s recovered. The apparatus can include a demulti-
plexer receiving a preamble and data signal. A nonlinear
operation unit preferably only receives the preamble signal
from the demultiplexer, and a locally symmetric wave
ogenerator preferably only receives the data signal from the
demultiplexer. A buffer memory selects from an output
signal of the nonlinear operation unit and an output signal of
the locally symmetric wave generator. An input signal
controller receives a control signal and outputs an 1nput
control signal to control the buffer memory and the demul-
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APPARATUS FOR REDUCING PATTERN
JITTER BY USING LOCALLY SYMMETRY
FORCING WAVE GENERATING UNIT AND

METHOD USING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention 1s directed to signal transmission
and reception, and 1n particular, to an apparatus that reduces
pattern jitter and a method using the same.

2. Background of the Related Art

In general, when a signal 1s transmitted and received
between a transmitting terminal and a receiving terminal in
data communications, the signal transmitted from the trans-
mitting terminal 1s received by the receiving terminal, and
then, a timing phase of the received signal must be recov-
ered. Recovering the timing phase implies finding an exact
sampling timing from the received signal to regenerate the
exact transmitted signal.

For example, in accordance with a nonlinear spectral line
fiming recovery, which 1s popularly used 1n an analog field,
a carrier 1s removed from a received signal (in an analog
type), and a tone signal is generated by squaring the received
signal with 1ts carrier removed. A timing phase signal of the
received signal 1s generated by filtering the tone signal, and
thus, the transmitted signal 1s regenerated.

For example, 1in accordance with a discrete-time nonlinear
spectral line timing recovery, which 1s utilized 1n a digital
field, an oversampling is carried out on a received symbol
signal. A timing phase signal of the received signal 1is
generated by carrying out a filtering or a digital fourier
transform DFT on the oversampled signal, and thus, the
transmitted signal 1s regenerated.

When the timing phase of the received signal 1s recovered
by the above-described methods, even if a channel noise 1s
small, a timing error occurs that makes 1t difficult to find an
exact sampling timing of the received signal. In particular,
when the transmitted signal from the transmitting terminal
has a patternof “. . .1,1,1,... 7 or*“. .. -1,-1,-1,...7,
even 1f a nonlinear operation unit for squaring the received
signal of the receiving terminal serves to generate a nonlin-
car signal, a tone signal of the nonlinear signal 1s small, and
thus, noise 1s 1nserted 1nto the timing phase signal. The error
1s called a “pattern jitter” or a “self-noise”.

A related art apparatus for reducing the pattern jitter will
now be described. FIG. 1 1s a schematic view of the related
art apparatus for reducing the pattern jitter. The apparatus
includes an A/D (analog/digital) converter 10 receiving a
symbol signal DIN and sampling the N symbol signals with
a sampling frequency f. The A/D (analog/digital) converter
10 outputs a received signal D1, which 1s convoluted with a
raised cosine wave. A prefilter 12 filters the received signal
D1 and outputs a first filtering signal D2. A nonlinear
operation unit 14 squares the filtering signal D2 to output a
nonlinear signal D3, and a bandpass filter 16 bandpass-filters
the nonlinear signal D3 to output a second filtering signal
D4. A phase detector 18 detects a phase of the second
filtering signal D4, and outputs a timing phase signal DOUT.

A method for reducing the pattern jitter using the related
art apparatus for reducing the pattern jitter will now be
described. FIG. 2 illustrates a raised cosine wave signal
inputted to the prefilter and a quasi locally symmetric wave
signal QLS outputted from the prefilter to show a principle
for reducing the pattern jitter with the related art apparatus.
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When the raised cosine wave signal RC 1s inputted to the
prefilter 12, the signal outputted from the prefilter 12 1s the
quasi locally symmetric wave signal QLS, which 1s sym-
metric to a peak or a zero-crossing of the raised cosine wave
signal RC and has many tone signals.

FIGS. 3A to 3C respectively illustrate signals mputted to
or outputted from the related art apparatus for reducing the
pattern jitter. When the symbol signal DIN 1s a binary type
shown 1n FIG. 3A that 1s oversampled 8 times higher than
the rate of the symbol signal and convoluted with the raised
cosine wave signal RC by the A/D converter 10, the received
signal D1 1s outputted from the A/D converter 10 as shown
in FIG. 3B. At this time, the symbol signal and the received
signal D1 have pattern jitter because signals that 1dentically
have a positive sign and an amplitude value of ‘1’ are
repeated for a symbol time 8 to 32 and a symbol time 48 to
80 as shown 1n FIG. 3A. Therefore, 1n accordance with the
above-described functions of the prefilter 12, the nonlinear
operation unit 14 receives the first filtering signal D2 1n the
quasi locally symmetric wave signal QLS type, which has a
property of limiting a band and 1s locally symmetric to each
point 1indicating integer times of a symbol period as shown
in FIG. 3C. Here, the first filtering signal D2 has a value of
‘0’ (zero) on the point indicating the integer times (excluding
‘0’ (zero)) of the symbol period. Accordingly, an interfer-
ence between the symbol signals 1s removed. However, the
interference still remains on the other points.

The nonlinear operation unit 14 outputs the nonlinear
signal D3 only having a positive value by squaring the first
filtering signal D2. The bandpass filter 16, which has a
center frequency 1dentical to a frequency of the symbol rate,
receives the nonlinear signal D3 and outputs the second
filtering signal D4 1n a sinusoidal wave type.

The phase detector 18, which receives the second filtering,
signal D4, serves to output the timing phase signal to be
recarded as an optimal sampling timing of the symbol
signal. The optimal sampling timing 1s a timing correspond-
Ing to a peak or a zero-crossing of the second filtering signal
D4. In accordance with the related art method for recovering
the timing phase by utilizing the prefilter, the pattern jitter
can be reduced by generating a signal 1n the quasi locally
symmetric wave signal QLS type to provide sampling
timing information regardless of a pattern of the symbol
signal.

However, the related art apparatus and method have
various disadvantages. The prefilter of the related art
requires a large amount and complex hardware. That 1s, the
prefilter including M taps needs as many multipliers as the
number of the taps (M), M-1 adders and M-1 memory
devices, which make the related art system bigger. This
disadvantage 1s especially severe when a very large scale
integration VLSI 1s embodied because the multiplier con-
sumes a large amount of electricity as well as takes a large
portion of a chip. In addition, the related art method for
recovering the timing phase has another disadvantage 1n that
the number of the operations carried out on the symbol
signal increases 1n proportion to the number of the taps in the
prefilter.

The above references are incorporated by reference herein
where appropriate for appropriate teachings of additional or
alternative details, features and/or technical background.

SUMMARY OF THE INVENTION

An object of the present invention i1s to provide an
apparatus and method for reducing pattern jitter that sub-
stantially obviates one or more disadvantages caused by
limitations of the related art.
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Another object of the present invention 1s to provide an
apparatus for reducing a pattern jitter of a symbol signal and
a method using the same that determines a timing phase of
the symbol signal.

Another object of the present invention 1s to provide an
apparatus for reducing a pattern jitter that requires reduced
hardware or consumes a less power.

Another object of the present invention 1s to provide an
apparatus and method that can reduce a specific pattern jitter
of a symbol signal by using a local symmetry forcing wave
generating unit when a timing phase of the symbol signal 1s
recovered.

In order to achieve at least the above-described objects in
a whole or 1n parts, there 1s provided an apparatus for
reducing a pattern jitter according to the present mvention
that includes a demultiplexer that receives an mput including
a preamble signal and a data signal from an analog/digital
(A/D) converter; a nonlinear operation unit that receives the
preamble signal; a locally symmetric wave generating unit
that receives the data signal; a buffer memory that receives
an output signal from the nonlinear operation unit and an
output signal from the locally symmetric wave generating
unit; and an 1nput signal controller that receives a control
signal outputted from the A/D converter and outputs an 1input
control signal to control the buffer memory and the demul-
tiplexer.

To further achieve the above objects in a whole or 1n parts,
there 1s provided an apparatus for reducing pattern jitter
according to the present invention that includes a local
symmetry forcing wave generator that receives the received
signal, a control signal and a previous timing phase signal,
and outputs a local symmetry forcing wave signal including
more tone signals than the received signal, a bandpass filter
that filters the locally symmetry forcing wave signal and
outputs a filtering signal, and a phase detector that detects a
phase from the filtering signal and outputs a timing phase
signal.

To further achieve the above objects in a whole or 1n parts,
there 1s provided a method for reducing pattern jitter accord-
ing to the present invention that includes a preamble signal
and a data signal, including 1nitializing a timing phase signal
using the preamble signal included in the received signal,
discriminating between the preamble signal and the data
signal included 1n the received signal using a control signal,
performing a nonlinear operation on the preamble signal
when an 1nputted signal 1s discriminated as the preamble
signal, inputting the data signal when the 1nputted signal 1s
discriminated as the data signal, comparing a sign of the data
signal with that of a previous timing signal, inserting a
prescribed value between the data signal and a previous data
signal when the data signal and the previous timing signal
have an 1dentical sign, performing a nonlinear operation on
the data signal when the sign of the data signal 1s different
from that of the previous timing signal, bandpass-filtering on
a nonlinear operation signal generated by the performing
steps, and detecting a phase of the bandpass-filtered signal
and outputting a sampling timing phase signal of a symbol
signal, wherein the received signal 1s based on the symbol
signal.

Additional advantages, objects, and features of the inven-
tion will be set forth 1n part in the description which follows
and 1n part will become apparent to those having ordinary
skill 1in the art upon examination of the following or may be
learned from practice of the invention. The objects and
advantages of the invention may be realized and attained as
particularly pointed out 1n the appended claims.

10

15

20

25

30

35

40

45

50

55

60

65

4
BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention will be described 1n detail with reference to

the following drawings in which like reference numerals
refer to like elements wherein:

FIG. 1 1s a diagram 1illustrating a schematic view of a
related art apparatus for reducing a pattern jitter;

FIG. 2 1s a diagram that illustrates a raised cosine wave
signal 1input to a prefilter and a quasi locally symmetric wave
signal output by the prefilter in apparatus of FIG. 1;

FIGS. 3A to 3C are diagrams that respectively illustrate a
symbol signal, a locally symmetric wave signal and a quasi
locally symmetric wave signal of the apparatus of FIG. 1;

FIG. 4 1s a diagram 1llustrating a schematic view of an
apparatus for reducing a pattern jitter in accordance with a
preferred embodiment of the present invention;

FIGS. 5A to 5D are diagrams that respectively illustrate
exemplary signals for a received signal including a preamble
signal, a nonlinear output signal, a locally symmetric wave
signal, and a local symmetry forcing wave signal of the
apparatus of FIG. 4; and

FIG. 6 1s a flowchart illustrating another preferred
embodiment of a method for reducing the pattern jitter of the
symbol signal 1in accordance with the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 4 1s a diagram showing an apparatus that reduces
pattern jitter in accordance with a first preferred embodiment
of the present invention. The apparatus mcludes an A/D
(analog/digital) converter 20 receiving a symbol signal DIN
and outputting a control signal D2 and a received signal D1,
which 1s oversampled with a sampling frequency f. The
apparatus further includes local symmetry forcing wave
cgenerating unit 100 that receives the received signal D2, the
control signal D1 and a previous timing phase signal DOUT
and outputs a local symmetry forcing wave signal D7. A
bandpass filter 34 receives the local symmetry forcing wave
signal D7 and outputs a filtering signal D8, and a phase
detector 36 receives the filtering signal D8 and outputs a
timing phase signal DOUT.

The local symmetry forcing wave generating unit 100
according to the preferred embodiment includes a demulti-
plexer 22 recerving the received signal D1 that 1s outputted
from the A/D converter 20, a nonlinear operation unit 24, a
locally symmetric wave generator 26, a buffer memory unit
28, an input signal controller 30 and a delay 32. The received
signal D1 preferably includes a preamble signal, which 1s
preferably in a patternof “. . . 1, -1, 1, -1, . . . 7 or the like.
The nonlinear operation unit receives only the preamble
signal, carries out a nonlinear operation on the preamble
signal, and outputs a nonlinear signal D35. The locally
symmetric wave generator 26 receives the previous timing
phase signal DOUT and the received signal D1 excluding
the preamble signal, and outputs a locally symmetric wave
signal D6. The buffer memory 28 receives the nonlinear
signal D3 and the locally symmetric wave signal D6, and
outputs the local symmetry forcing wave signal D7. The
input signal controller 30 receives the control signal D2,
which 1s outputted from the A/D converter, and outputs an
input control signal CS to control the demultiplexer 22 and
the buffer memory 28.

Operations of the first preferred embodiment of an appa-
ratus that reduces pattern jitter in accordance with the
present invention will now be described. FIG. 5A 1s a
diagram of waveform that depicts the received signal D1
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including the preamble signal. The received signal D1 1s
preferably generated by the A/D converter oversampling the
symbol signal DIN 8 times higher than the rate of the symbol
signal DIN, and convoluting the symbol signal DIN with the
raised cosine wave signal RC. The symbol time between 0
and 40 1n the received signal D1 indicates the preamble
signal D3, and the symbol time after 40 indicates the data
signal D4.

In a data signal D4, which preferably includes the
received signal D1 without the preamble signal, the symbol
time between 40 and 63 and the symbol time between 80 and
88 have an amplitude of “-17, and the symbol time between
96 and 112 has an amplitude of “1”. Therefore, the received
signal D1 has pattern jitter.

In accordance with the first preferred embodiment of the
apparatus for reducing the pattern jitter according to the
present 1vention, the timing phase signal DOUT of the
apparatus for reducing the pattern jitter i1s initialized by
using the preamble signal D3, and the data signal D4 1s
processed by the locally symmetric wave generator 26 to
reduce the pattern jitter.

Detalled operations of the apparatus for reducing the
pattern jitter 1n accordance with the first preferred embodi-
ment will now be described. The 1nput signal controller 30
controls the demultiplexer 22 to input only the preamble
signal (e.g., between time 0 and 40) to the nonlinear opera-
tion unit 24. The nonlinear operation unit 24 functions to
preferably square the preamble signal D3 to output the
nonlinear signal DS to the bufler memory 28 as shown in
FIG. 5B. Then, the bandpass filter 34, which receives the
local symmetry forcing wave signal D7 outputted from the
buffer memory 28, outputs the filtering signal D8 to the
phase detector 36. The phase detector 36 outputs the timing,
phase signal DOUT. Therefore, while the preamble signal
D3 1s mputted, the apparatus for reducing the pattern jitter
can 1nitialize the timing phase signal DOUT.

When the timing phase signal DOUT 1s initialized, the
delay unit 32 that receives the timing phase signal DOUT
operates to output a delayed timing phase signal D9 to the
locally symmetric wave generator 26. The locally symmetric
wave generator 26 receives the delayed (i.e., preferably
previous) timing phase signal D9 and receives the data
signal D4 at the same time to compare the amplitude value
of the previous timing phase signal D9 with that of the data
signal D4.

When the amplitude values are 1dentical, the locally
symmetric wave generator 26 inserts ‘0’ (zero)
therebetween, and thus outputs the locally symmetric wave
signal D6, which preferably has increased or many tone
signals. Then, the locally symmetric wave generator 26
receives the data signal D4 (e.g., 40, 48, . . . ), and compares
the value obtained by squaring the data signal D4 with the
value of the previous timing signal D9 outputted from the
delay unit 32. In the case that the values are identically ‘1°,
the locally symmetric wave generator 26 1nserts ‘0’ between
the previous value and the current value (e.g., symbol time
40 to 63, 80 to 88, and 96 to 112), and preferably straightly
connects the previous value ‘1°, the current value ‘1° and ‘0’
placed between, respectively. Otherwise, the locally sym-
metric wave generator 26 outputs the current value, and

ogenerates the locally symmetric wave signal D6, as 1llus-
trated in FIG. 5C.

At this time, the wavetform shown 1n FIG. 3D 1s outputted
from the buffer memory 28 because respective signals are
selected from the nonlinear signal DS from the nonlinear
operation unit 24 that receives the preamble signal D3, and
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the locally symmetric wave signal D6 from the locally
symmetric wave generator 26, which receives the data signal
D4. The buffer memory 28 preferably selects based on the
input control signal CS of the mnput signal controller 30.

Accordingly, the local symmetry forcing wave signal D7
ogenerated by the first preferred embodiment of an apparatus
for reducing the pattern jitter serves to reduce the pattern
jitter by receiving the symbol signal, which does not have
sampling timing information, and generating many tone
signals. The timing phase signal DOUT indicating a sam-
pling timing of the symbol signal 1s generated by the
bandpass filter 34 receiving the local symmetry forcing
wave signal D7 and having a center frequency identical to a
sampling frequency of the symbol signal, and the phase
signal detector 36.

A second preferred embodiment of a method for reducing
pattern jitter 1n accordance with the present invention will
now be described with reference to a flowchart shown 1n
FIG. 6. The second preferred embodiment of a method for
reducing the pattern jitter continues from a beginning
START to a step ST1 where the received signal having the
preamble signal preferably in a patternof *. . . 1, -1, 1, -1,

" and the data signal are inputted, and the sampling
timing phase signal i1s 1nitialized by the preamble signal.
From step ST1, control continues to a step ST2 where the
preamble signal and the data signal are discriminated i the
received signal. If the determination 1n step ST2 1s receipt of
the preamble signal, control continues to a step ST3 where
a nonlinear operation preferably squares the preamble signal
and control continues to a step ST8. When the received
signal 1s the data signal 1n step ST2, control jumps to a step
ST4 where the sampling data signal (for example, ‘N’) is
received. From step ST4, control continues to a step STS
where the sampling data signal and the previous timing
phase signal D9 are received, and the sign of the sampling
data signal 1s compared with that of the previous timing
phase signal. When the sampling data signal and the previ-
ous timing phase signal have an i1dentical sign 1n step STS,
control continues to a step ST6 where ‘0’ (zero) (e.g., a
prescribed value) 1s inserted between the sampling data
signal. When the sampling data signal and the previous
timing phase signal do not have the identical sign 1n step
ST5, control jumps to the step ST7 where a nonlinear
operation performed on the sampling data signal. Here, a
signal generated by the step ST7 1s the locally symmetric
wave signal. From steps ST3 and ST7, control continues to
step ST8. In the step STS, the signals generated in step ST3
and step ST7 are inputted to the buffer memory 28, and
preferably the local symmetry forcing wave signal D7 1s
outputted. In the step ST8, the local symmetry forcing wave
signal 1s preferably filtered. From step STS8, control contin-
ues to step STY9 where the sampling timing phase signal of
the symbol signal 1s generated from the filtered signal. From
step ST9, control continues to a steps ST11 and ST10. In
step ST10, the previous timing phase signal 1s generated by
delaymng the timing phase signal. From step ST10, control
returns to step STS. In step ST11, a window period K of the
sampling data signal, which 1s compared 1n step STS, is
compared with a maximum window period MAX of the
previously-set sampling data signal. When the window
period K of the sampling signal 1s smaller than the maximum
window period MAX of the previously-set sampling data
signal, control continues from step ST11 to a step ST12
where a window period of the sampling data signal 1s
increased to compare a sampling data signal of a next
succeeding window period K+1. From step ST12, control
returns to step ST4. When the window period K of the
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sampling signal 1s not smaller than the maximum window
period MAX, the process ends.

As described above, the preferred embodiments of an
apparatus and method for reducing pattern jitter according to
the present invention have various advantages. The appara-
tus and method for reducing the pattern jitter according to
preferred embodiments can reduce the size of required
hardware as well as reduce the pattern jitter efficiently by
using a local symmetry forcing wave unit. In particular, the
multipliers composing the local symmetry forcing wave unit
according to the preferred embodiment require N+1 memory
devices, which are more than the oversampling data (N) by
1, however, adders are not used, which results 1n a cost
reduction. In addition, mm accordance with the preferred
embodiment of the apparatus and method for reducing the
pattern jitter, the number of the operations to process the
symbol signal i1s reduced. That 1s, the multiplication 1is
carried out on one symbol signal 2N times, and the addition
1s not carried out thereon.

The foregoing embodiments are merely exemplary and
are not to be construed as limiting the present invention. The
present teaching can be readily applied to other types of
apparatuses. The description of the present invention 1s
intended to be 1llustrative, and not to limit the scope of the
claims. Many alternatives, modifications, and variations will
be apparent to those skilled in the art. In the claims,
means-plus-function clauses are intended to cover the struc-
tures described herein as performing the recited function and
not only structural equivalents but also equivalent structures.

What 1s claimed 1s:

1. A wave generator for a receiver comprising:

a demultiplexer that receives a signal having a preamble
and a data signal, and outputs the preamble signal and
the data signal;

a local symmetric wave generator that receives the data
signal from the demultiplexer and a delayed timing
phase signal and inserts a prescribed value between a
current data signal and a delayed data signal when the
previous timing phase signal and the current data signal
have an 1dentical sign, and outputs a locally symmetric
wave signal generated by connecting the prescribed
value and the previous and current data signals;

a nonlinear operation unit that receives the preamble
signal from the demultiplexer and performs a nonlinear
operation to output a nonlinear signal; and

™

a buffer memory that receives the locally symmetric wave
signal and the nonlinear signal to output a local sym-
metry forcing wave signal.

2. The wave generator of claim 1, further comprising:

a bandpass filter that filters the local symmetry forcing
wave signal and outputs a filtering signal; and

a phase detector that detects a phase from the filtering
signal and outputs the timing phase signal, which 1s fed
back to the local symmetry forcing wave generator as
the second control signal.

3. The wave generator of claim 1, further comprising:

an analog/digital converter, wherein the analog/digital
converter samples an 1nput signal and convolutes the
sampled input signal with a raised cosine signal to
output the signal; and

an 1nput signal controller that receives an mput control
signal from the analog/digital converter and controls
the demultiplexer and the buffer memory.
4. A method for reducing a pattern jitter of a received
signal that includes a preamble signal and a data signal,
comprising:

initializing a timing phase signal using the preamble
signal;
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processing the data signal to output a processed data

signal when the received signal 1s discriminated as the

data signal, wherein the processing step comprises,

comparing a sign ol the data signal with that of a
previous timing signal,

inserting a prescribed value between the data signal and
a previous data signal when the data signal and the
previous data signal have an identical sign, and

performing a nonlinear operation on the data signal
when the sign of the data signal 1s different from that
of the previous data signal; and

generating the timing phase signal of a symbol signal
based on the processed data signal, wherein the
received signal 1s based on the symbol signal, and
wherein the previous data signal 1s determined at the
time of a previous timing signal.

5. The method of claim 4, further comprising:

discriminating between the preamble signal and the data
signal 1included 1n the received signal using a control
signal; and
performing a nonlinear operation on the preamble signal
to output a nonlinear operation signal when the
received signal 1s discriminated as the preamble signal,
and wherein the generating step comprises,
bandpass-iiltering on the nonlinear operation signal and
the processed data signal, and
detecting a phase of the bandpass-filtered signal and
outputting the timing phase signals.
6. The method of claim 35, further comprising:

receiving an input signal;
sampling the mput signal using an A/D converter, wherein
the A/D converter outputs the control signal; and

convoluting the sampled signal with a raised cosine was
to output the received signal.
7. The method of claim 4, wherein the prescribed value
signal 1s zero “0”.
8. The method of claim 4, further comprising:

delaying the timing phase signals to generate the previous
fiming signal;

comparing a window period of the data signal with a
prescribed maximum window period; and

increasing a window period to compare the data signal 1n
a next succeeding window period when the window
period of the data signal 1s smaller than the prescribed
maximum window period.

9. An apparatus comprising:

a demultiplexer configured to output a preamble signal
and a data signal from a first signal; and

a signal processing circuit configured to process the data
signal 1nto a timing signal, wherein the signal process-
ing circuit includes a locally symmetric wave generator
that receives the data signal from the demultiplexer and
a delayed timing phase signal and inserts a prescribed
value between a current data signal and a delayed data
signal when the previous timing phase signal and the
current data signal have an identical sign, and outputs
a locally symmetric wave signal generated by connect-
ing the prescribed value and the previous and current
data signals.

10. The apparatus of claim 9, further comprising an
analog/digital converter configured to output the first signal
from a second signal.

11. The apparatus of claim 10, wherein:

the first signal 1s a digital signal; and
the second signal 1s an analog signal.
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12. The apparatus of claim 10, wherein the signal pro-
cessing circult comprises:

a non-linear operation unit.
13. The apparatus of claim 12, wherein:

the demultiplexer i1s configured to output a preamble
signal portion to the nonlinear operation unit;

the demultiplexer 1s configured to output a data signal
portion to the locally symmetric wave generator.
14. The apparatus of claim 13, wherein:

the nonlinear operation unit 1s configured to output a
nonlinear signal; and

the nonlinear signal i1s the preamble signal squared.
15. The apparatus of claim 14, wherein the signal pro-
cessing circuit further comprises:

a bandpass filter;
a phase signal detector; and

a delay circuit.
16. The apparatus of claim 15, wherein:

the bandpass filter 1s configured to output a first filtered
signal;

the first filtered signal i1s the preamble signal after being,
squared and filtered;

the phase signal detector 1s configured to output a first
timing phase signal;

the first timing signal 1s the timing phase of the preamble
signal after being squared and filtered;

the delay circuit 1s configured to output the first timing
phase signal to the locally symmetric wave generator at
the same time as the data signal 1s output from the
multiplexer to the locally symmetric wave generator;

the locally symmetric wave generator 1s configured to
output a locally symmetric wave signal;

the locally symmetric wave signal 1s a product of a
comparison between the first timing phase signal and
the data signal;
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the bandpass filter 1s configured to output a second filtered
signal;

the second filtered signal 1s the locally symmetric wave
signal after being filtered;

the phase signal detector 1s configured to output a second
timing signal; and
the second timing signal 1s the timing phase of the locally

symmetric wave signal after being filtered.
17. The apparatus of claim 16, wherein the comparison

between the first timing phase signal and the data signal
comprises the following steps:

squaring the data signal;

determining 1nstances when the data signal and the timing,
phase signal are both maximum; and

multiplying the squared data signal by the first timing,
signal at the determined instance when the data signal
and the time phase signal are both maximum,;

outputting the product of the multiplication of the squared
data and the first timing signal as the locally symmetric
wave signal.

18. The apparatus of claim 17, further comprising a buffer

memory and an input signal controller, wherein:

the analog/digital converter 1s configured to output a first
control signal from the second signal; and

the mmput signal controller 1s configured to output an
second control signal to the demultiplexer and the
buffer memory.

the second control signal controls flow of data in the
signal processing circuit for the comparison between
the first timing phase signal and the data signal.

19. The apparatus of claim 18, wherein the second control

signal controls flow of data in the signal processing circuit

35 for the comparison between the first timing phase signal and

the data signal.
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